tention, and radiographic findings is a hallmark of AHFS prompting hospitalization. [3] [4] [5] [6] [7] [8] [9] Consequently, treatment for AHFS primarily targets pulmonary congestion, systemic congestion, or both. Currently available options for treating congestion are mainly diuretics and adjunctive therapy with intravenous vasodilators (nitroglycerin, nitroprusside, and nesiritide). 10 An unmet need exists for more effective and safe strategies to treat AHFS. Although conventional and investigational agents improve hemodynamics, they are often associated with undesirable effects. Diuretic therapy has been associated with adverse effects, particularly after high doses, including electrolyte abnormalities (hyponatremia, hypokalemia), neurohormonal activation, renal dysfunction, and possibly increased mortality. 11 Despite their broad use, no well-controlled, largescale, randomized, outcome study has defined the efficacy and safety of diuretics in AHFS.
Elevation of arginine vasopressin is present with and proportional to the severity of HF and contributes to fluid retention and hyponatremia, 12 both of which are associated with poor outcomes in patients with HF. Tolvaptan is an oral, nonpeptide, selective vasopressin V 2 -receptor antagonist whose action on the distal nephron causes loss of electrolyte-free water (aquaresis). 12 In phase 2 trials, tolvaptan added to standard therapy in patients with HF decreased body weight and edema, corrected hyponatremia, and appeared to be well-tolerated with no adverse effects on heart rate, blood pressure, electrolytes, or renal function. 13, 14 Tolvaptan was also recently demonstrated to safely treat hyponatremia of diverse origin. 15 The Efficacy of Vasopressin Antagonism in Heart Failure Outcome Study With Tolvaptan (EVEREST) program evaluated the effects of tolvaptan on clinical status, morbidity, and mortality in patients hospitalized for AHFS. 16 Two short-term clinical status trials were designed to test the hypothesis that treatment with tolvaptan, in addi-tion to standard therapy including diuretics, would result in clinical improvements during the inpatient period. The results of the long-term outcome trial are reported in a companion article in this issue. 17 
METHODS

Study Design
EVEREST was a prospective, multicenter, randomized, double-blind, placebo-controlled program that evaluated the short-term and long-term efficacy and safety of tolvaptan when added to investigator-defined optimal medical therapy in patients hospitalized for worsening HF. The EVEREST program represents 3 trials: 2 identical short-term trials (trials A and B), which took place during the inpatient period and examined the short-term clinical effects of tolvaptan relative to placebo, and 1 long-term outcome study, combining all patients randomized. In this article, we describe the 2 short-term trials. The short-term trials were performed to fulfill regulatory requirements for establishing efficacy from at least 2 independent, adequately powered, and well-controlled trials.
Two levels of assignment were performed to allocate the patients to study treatment and embedded trial. First, within each center, patients were randomized to either tolvaptan or placebo according to a centralized, blocked randomization performed using a central Interactive Voice Response System. Second, the centers were assigned to either trial A or trial B at the end of the study based on a prespecified algorithm using number of patients enrolled at the center and geographic region as variables.
Detailed information on the overall rationale and design of the 3 studies has been published. 16 EVEREST was conducted at 359 sites in North America, South America, and Europe between October 7, 2003, and February 3, 2006. The study received approval from the institutional review board/ethics committee at each site and was conducted in accordance with the principles out-lined in the Declaration of Helsinki. 18 Written informed consent was obtained from all patients.
Eligible patients for EVEREST were male or female adults (Ն18 years) with a history of chronic HF (requiring treatment for a minimum of 30 days before hospitalization) who had been hospitalized primarily for worsening congestive HF and had a left ventricular ejection fraction of 40% or less (measured at any point within 1 year of admission). Entry required HF symptoms at rest or minimal exertion and signs of congestion (Ն2 of the following: dyspnea, jugular venous distention, or peripheral edema) at time of randomization. Criteria for exclusion included cardiac surgery within 60 days of enrollment, cardiac mechanical support, biventricular pacemaker placement within the last 60 days, comorbid conditions with an expected survival of less than 6 months, acute myocardial infarction at the time of hospitalization, hemodynamically significant uncorrected primary cardiac valvular disease, refractory end-stage HF, hemofiltration or dialysis, supine systolic arterial blood pressure of less than 90 mm Hg, serum creatinine concentration of more than 3.5 mg/dL (Ͼ309.4 µmol/L), serum potassium concentration of more than 5.5 mEq/L, and hemoglobin of less than 9 g/dL. Race/ ethnicity was obtained from patient medical records.
Patients were randomized within 48 hours of hospitalization to receive oral tolvaptan (30 mg/d) or matching placebo until the end of the long-term outcome study. Additionally, patients received conventional therapy, including diuretics, digoxin, angiotensinconverting enzyme inhibitors, angiotensin II receptor blockers, aldosterone blockers, ␤-blockers, nitrates, and/or hydralazine. Choice of therapies was at the discretion of the treating physician.
Efficacy Assessments
The primary end point was a composite score of changes from baseline in patient-assessed global clinical status and body weight at day 7 or discharge (if earlier). Secondary end points included patient-assessed changes in dyspnea at day 1 for patients reporting dyspnea at baseline, global clinical status at day 7 or discharge, body weight at days 1 and 7 or discharge, and peripheral edema at day 7 or discharge for patients manifesting edema at baseline. In the 2 trials, patient's self-assessed global clinical status was measured at baseline and inpatient day 7 or discharge using a visual analog scale (score 0 for "worst state you can imagine" and score 100 for "best state you can imagine"). Body weight was measured at baseline and inpatient days 1 through 10 using a standardized scale, at 9 AM, postvoid, before the medication dose, and with patients wearing the same clothing.
Patients self-assessed dyspnea on inpatient day 1 by evaluating whether their subjective ease of breathing improved with study treatment, relative to pretreatment, using a 7-point scale (markedly better, moderately better, minimally better, no change, minimally worse, moderately worse, and markedly worse).
On each inpatient day, investigators assessed rales on a 4-point scale (no rales, bases, bases to 50% way up, or bases to Ͼ50% way up); pedal edema on a 5-point scale (absent, trace, slight, moderate, or marked); jugular venous distention on a 4-point scale (Ͻ6 cm, 6-9 cm, 10-15 cm, or Ͼ15 cm); and dyspnea, orthopnea, and fatigue on 4-point scales (none, seldom, frequent, or continuous). With the exception of pedal edema at day 7 or discharge, these assessments were not prespecified end points.
Safety Assessments
Adverse events were assessed throughout the inpatient period. Vital signs were obtained on each inpatient day. Serum urea nitrogen and serum concentrations of sodium, potassium, magnesium, and creatinine were obtained on inpatient day 1, day 7, and at discharge. Electrocardiograms were collected at baseline, on inpatient days 1, 3, 6, and 8, and at discharge.
Statistical Analysis
The primary efficacy parameter was a composite score incorporating the changes from baseline in patientassessed global clinical status and in body weight at inpatient day 7 or discharge (if earlier), generated using the O'Brien procedure. 19 To produce the composite score, a fractional rank was derived based on each patient's change from baseline in global clinical status at inpatient day 7 or discharge. A second fractional rank was derived based on each patient's value of -1 ϫ (change from baseline in body weight at inpatient day 7 or discharge). The 2 rank scores were summed to form the composite score. Patients with missing values for global clinical status or body weight were excluded.
The sample size for the overall EVEREST program was determined by the power requirements for the primary end points of the long-term outcome trial, including a test for noninferiority for all-cause mortality, as described in the accompanying article. 17 For the visual analog scale measure of patient-assessed global clinical status, with an SD of 20 mm, 2000 patients in each trial provided 90% power to detect a mean betweengroup difference of 3-mm change from baseline (2-sided ␣=.04) for each trial. For body weight, with an SD of 4 kg, the same sample size provided 90% power to detect a mean betweengroup difference of 0.6-kg change from baseline (2-sided ␣=.04) for each trial.
The composite end point was compared between treatment groups with analysis of variance, using treatment as factor. Changes from baseline in patient-assessed global clinical status and body weight at inpatient day 7 or discharge were compared between treatment groups with analysis of covariance, using the baseline value as covariate and treatment and clinical center as factors. The last observation of body weight was carried forward if there was no recorded body weight at inpatient day 7 or discharge. Change from baseline in body weight at inpa-tient day 1 was compared between treatment groups with analysis of covariance, with treatment, center, and baseline body weight as covariates. Changes from baseline in edema score at inpatient day 7 or discharge and dyspnea at inpatient day 1 were compared between treatment groups with the van Elteren test, 20 with center as the stratification factor.
Changes from baseline in physicianassessed symptoms and signs were also compared between treatment groups by the van Elteren test, stratified by center.
Database management was performed by the sponsor according to a prespecified plan of analysis prepared in collaboration with the executive steering committee. Final analyses were conducted independently by the sponsor (SAS version 8.2; SAS Institute Inc, Cary, NC) and the University of Wisconsin Statistical Data Analysis Center. All authors had a substantial role in trial design and data interpretation. The executive steering committee had complete access to the data after unblinding. PϽ.05 was considered statistically significant.
RESULTS
Patients
A total of 2048 patients were randomized to study treatment in trial A (1018 patients in the tolvaptan group and 1030 in the placebo group), and 2085 patients were randomized to study treatment in trial B (1054 in the tolvaptan group and 1031 in the placebo group) (FIGURE 1). Before day 7 or discharge (if earlier), 54 (2.6%) of 2048 patients and 50 (2.4%) of 2085 patients discontinued treatment in trials A and B, respectively. In trial A, 13 discontinuations (10 in the tolvaptan group and 3 in the placebo group) were due to adverse events; and in trial B, 3 discontinuations (2 in the tolvaptan group and 1 in the placebo group) were due to adverse events. The remaining discontinuations occurred because of patient withdrawal of consent, investigator withdrawal of patient, protocol violation, and death (Figure 1 ). (TABLE 1) . Patients were predominantly male (73%-76%), with mean ages ranging from 65.6 to 66.0 years. Mean (SD) left ventricular ejection fractions were 27% (8%) in trial A and 28% (8%) in trial B. The clinical profile of the patients was similar to that reported in recent large AHFS registries. 3,6-9 All patients had signs and symptoms of congestion (entry requirement) and significant cardiac and noncardiac comorbidities. In addition, they were well treated with diuretics, digoxin, angiotensinconverting enzyme inhibitors, angiotensin II receptor blockers, aldosterone blockers, ␤-blockers, nitrates, and/or hydralazine.
Demographic and baseline characteristics were similar between treatment groups in both trials
Efficacy End Points
Rank sum analysis of the composite primary end point showed significantly greater improvement in the tolvaptan groups than in the placebo groups (trial A, mean [ Changes in patient-assessed dyspnea on inpatient day 1 (for those patients with dyspnea at baseline) are shown in FIGURE 2 and Abbreviations: ACE, angiotensin-converting enzyme; AICD, automatic implantable cardioverter-defibrillator; ARBs, angiotensin II receptor blockers; CABG, coronary artery bypass graft; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; HF, heart failure; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; SBP, systolic blood pressure. SI conversion: To convert creatinine to µmol/L, multiply by 88.4. *Includes Asian, unknown, and other. The "other" category was used when the patient did not meet one of the other specified categories.
†Available only in the United States (percentage based on all patients).
at inpatient day 7 or discharge improved more in the tolvaptan vs the placebo groups in trial B. In trial A, the difference between treatment groups did not reach statistical significance.
Clinical Course
No significant differences were observed between groups in blood pressure or heart rate. Physician assessment of signs and symptoms of HF was performed on each inpatient day. In a combined post-hoc analysis of the 2 trials, significantly more patients receiving tolvaptan than placebo exhibited improvements in dyspnea and rales over the first 4 inpatient days, with orthopnea and jugular venous distention improvements observed during the first 3 inpatient days (TABLE 3) . In addition, tolvaptan was better than placebo in alleviating fatigue over inpatient days 3 to 6 (P = .02 at day 6). Significant improvement in pedal edema was observed in the tolvaptan group beginning at inpatient day 1 and continuing throughout hospitalization. No adjustments for multiplicity were made for these analyses. At day 1 and discharge, the tolvaptan group exhibited significantly greater corrections in serum sodium in those patients with hyponatremia at baseline (serum sodium Ͻ134 mEq/L). Serum potassium, magnesium, and osmolality were also higher in the tolvaptan group. Small changes were observed in renal parameters, with serum urea nitrogen levels slightly lower and serum creatinine levels slightly higher in the tolvaptan groups (TABLE 4).
Furosemide Use
A post-hoc analysis of the combined trials was conducted to determine the effect of tolvaptan on furosemide use. Be-fore randomization, mean doses of furosemide were 120 mg/d and 116 mg/d in the tolvaptan and placebo groups, respectively, and median doses were 80 mg/d in both treatment groups. At discharge, mean reduction from baseline in dosage was significantly greater in the tolvaptan group (-55.8 mg/d) than the placebo group (-42.9 mg/d; P=.002). 
Safety
The combined long-term safety profile for the entire population is presented in the companion article for the EVEREST long-term outcome study. 17 An overall in-hospital mortality rate of 2.4% and 2.9% was observed in the tolvaptan and placebo groups, respectively. Through day 7 or discharge, adverse events were reported in 498 (49.1%) and 411 (40.0%) patients in trial A, and in 586 (55.9%) and 492 (47.9%) patients in trial B in the tolvaptan and placebo groups, respectively. Serious adverse events were reported in 60 (5.9%) and 49 (4.8%) patients in trial A, and in 45 (4.3%) and 60 (5.8%) patients in trial B in the tolvaptan and placebo groups, respectively. Adverse events occurring in 1% or more of the population and statistically significantly different in the 2 treatment groups, as well as adverse events of clinical interest, are shown in TABLE 5.
The tolvaptan groups showed no excess in reported incidences of hypotension, tachycardia, renal failure, or serum potassium, serum magnesium, or liver function abnormalities. As expected, the incidence of adverse effects associated with the pharmacological effects of the drug (eg, dry mouth and thirst) was significantly higher in patients receiving tolvaptan.
COMMENT
We report the results of 2 short-term clinical status trials of the use of the oral, once-a-day, V 2 -receptor antagonist tolvaptan in patients hospitalized for symptomatic HF. These 2 trials demonstrate in a reproducible manner that tolvaptan, when added to standard therapy including diuretics, improves many, though not all, of the signs and symptoms of HF, as assessed by both patients and physicians, and reduces body weight throughout hospitalization. These positive effects were achieved without adversely affecting heart rate, blood pressure, or serum electrolytes. In addition, there was no excess of renal failure or clinically meaningful changes in renal parameters, although there was a slight increase in serum creatinine and a slight decrease in serum urea nitrogen. The EVEREST program (including the 2 short-term trials and the 1 long-term outcome study) has documented the short-term and long-term safety of tolvaptan therapy. 17 Reductions in body weight in response to tolvaptan on day 1 were accompanied by significant improvements in patient-assessed dyspnea, a prespecified secondary end point. Moreover, physician assessments of dyspnea, orthopnea, fatigue, jugular venous distention, rales, and edema showed improvements on day 1 and remained better than placebo during the first 3 days or longer. Although the latter assessments were not prespecified end points, they nonetheless provide additional supportive evidence of the beneficial effect of tolvaptan. In addition, tolvaptan improved or normalized serum sodium concentrations in patients with hyponatremia at baseline.
Despite the improvement in signs and symptoms of HF, we did not observe a benefit in global clinical status at day 7 or discharge (if earlier). This dissociation may have been related to the nonspecific nature of the global clinical assessment measurement, in contrast with the specific manifestations of HF, such as dyspnea and edema. The timing of global clinical status assessment may have been critical, with attenuation of treatment effect by the time it was assessed. Effects may have been further confounded by variably including measurements made at day 7 or discharge (whichever came first). Discharge measurements may have diluted a treatment difference occurring at the fixed time point, because the tim-ing of discharge is driven by patient improvement.
The majority of patients hospitalized for worsening of chronic HF have signs and symptoms of congestion. [3] [4] [5] [6] [7] [8] Removal of excess fluid represents a major treatment goal. The symptomatic benefit exerted by loop diuretics has led to their wide clinical acceptance, even in the absence of efficacy and safety data from large randomized trials. 21 However, this improvement can be associated with electrolyte abnormalities, renal dysfunction, neurohormonal ac- tivation, and hypotension. 21 As a consequence, physicians have to balance the need for aggressive diuresis against these potential adverse effects. Concern regarding the adverse impact of aggressive diuresis, particularly the impact on renal function, likely represents an important contributor to the frequent inadequacy of fluid management during hospitalization. 3, 22 Although in the Acute Decompensated Heart Failure National Registry (ADHERE) the majority of patients were admitted with signs and symptoms of fluid overload, approximately 50% had no significant body weight reduction by discharge. 3 In our trials, the use of tolvaptan resulted in a greater mean reduction from baseline in the daily use of furosemide compared with the control group. This reduction in diuretic use may also be one mechanism by which a lowering of serum urea nitrogen was observed in the tolvaptan group.
Inappropriate elevation of arginine vasopressin in human HF plays a key role in mediating water retention, contributing to both congestive symptoms and electrolyte imbalance. 12 Tolvaptan was effective most likely because of its impact on fluid balance. Consistent with its mechanism of action, it influenced the primary end point mainly by reducing body weight.
Currently available therapeutic options in AHFS have limitations in their efficacy, safety, or both. 10, 23 Intravenous nitroglycerin is often limited by rapid development of tolerance. 24 Intravenous nitroprusside has its clinical use limited by the usual requirement for intensive invasive hemodynamic monitoring. 25 The effect of intravenous angiotensin-converting enzyme inhibitors on clinical outcomes has not been studied in the AHFS population and use of these agents is not recommended. 21 Dobutamine, dopamine, and milrinone improve hemodynamics. However, this improvement is often associated with significant adverse effects that include hypotension, atrial and ventricular ar-rhythmias, and possibly increased postdischarge mortality. 23, 26, 27 Nesiritide, approved by the Food and Drug Administration in 2001 for the treatment of AHFS, has been questioned regarding its efficacy and safety. In the Vasodilation in the Management of Acute Congestive Heart Failure (VMAC) trial, 28 although nesiritide showed a significant acute (3-hour) improvement in dyspnea vs placebo (although not vs nitroglycerin), evidence for longer-term clinical benefit was minimal, and both the short-term and long-term safety of this agent have been questioned. Metaanalyses have suggested an association between nesiritide use and an increased risk for renal dysfunction 29 and 30-day mortality. 30, 31 Levosimendan, a calcium-sensitizer, is in clinical use in several countries in Europe, South America, and Asia. 32 In the Randomized Multicenter Evaluation of Intravenous Levosimendan Efficacy vs Placebo in the Short-Term Treatment of Decompensated Heart Failure (REVIVE)−2 data, levosimendan resulted in a favorable effect on the primary end point (a clinical composite combining clinical status assessment and major clinical events at 6 hours, 24 hours, and 5 days) but was associated with a higher incidence of adverse events, such as hypotension and arrhythmias. 33 The Survival of Patients With Acute Heart Failure in Need of Intravenous Inotropic Support (SUR-VIVE) study 33 showed that short-term use of levosimendan and dobutamine was associated with similar postdischarge mortality at 180 days.
Recently, ultrafiltration has been proposed as an alternative to loop diuretics for the management of severe congestion. The Ultrafiltration vs Intravenous Diuretics for Patients Hospitalized for Acute Decompensated Heart Failure (UNLOAD) study 34 showed that venovenous-ultrafiltration produced more weight loss at 48 hours, but no greater improvement in dyspnea when compared with diuretics. The effects of this approach in terms of safety and efficacy remain to be determined.
Our study has several limitations. We used a fixed dose of tolvaptan, based on dose-finding data from prior studies. We might have observed different results with alternative dosing approaches, including dose adjustment based on clinical response. Our findings were limited to patients hospitalized with signs and symptoms of congestion and reduced left ventricular ejection fraction. We cannot be certain whether our findings would be replicated in other populations, including those patients with preserved left ventricular ejection fraction. Because tolvaptan was administered in addition to diuretics, our data would not support the use of an arginine vasopressin antagonist in lieu of diuretics.
CONCLUSION
In patients hospitalized with HF, oral tolvaptan in addition to standard therapy including diuretics improved many, though not all, HF signs and symptoms, without serious adverse events.
